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World Class Antimonides 
Through LINK Proiect 
In February I visited MCP Wafer Technology in Milton Keynes to interview lan Grant, the 
project manager for the recently completed LINK Antimonides project. The proiect succeeded 
in all stages of its programme of development of commercial processes for mid-IR materials 
from bulk growth and wafering through precursors to MOVPE growth. It stands as another 
fine example of national cooperation under the UK's commercially-minded 
LINK Collaborative Research Scheme. 
T 
he project, "IED2/440/ 
30/018 - Improved 
Antimonides of Indium 
& Gallium", was a three-year, 
£1M program under the UK 
LINK Advanced Semiconduc- 
tor Materials scheme started in 
December 1991 and was com- 
pleted at the end of November 
last year. It brought ogether in 
a formal collaboration a manu- 
facturer of III-V substrates - 
MCP Wafer Technology Ltd 
(the prime contractor), a produ- 
cer of organometallic precursor 
compounds - Epichem Ltd., 
and a university group expert 
in the MOVPE growth of anti- 
mony compounds - the De- 
partment of Physics, Oxford 
University (with two other UK 
universities also taking part). 
The overall theme was materi- 
als technology for InSb and 
GaSb based devices. MCP was 
responsible for the bulk growth 
development up to substrate 
production. Epichem developed 
and improved precursors for 
epitaxy (mainly MOVPE). The epi- 
taxial growth at Oxford University 
aimed at optimising growth at lower 
temperatures than usual for MOVPE 
and comparable to those used for 
MBE growth of these compounds. 
Basically there is a need for pre- 
cursors which pyrolyse at the lower 
temperatures dictated by the low 
melting temperatures of the sub- 
strates, 525°C for InSb and 712°C 
for GaSb. So the temperature for 
Evolution of lnSb crystals up to 3" diameter 4kg ingot. 
epitaxial growth was aimed at some- 
thing more like 400°C compared with 
650-750°C for GaAs and InP. Such 
precursor compounds would still be 
required to have sufficient vapour 
pressure for use in conventional lkyl 
bubbler sources. 
For some time there has been a 
need for devices which operate in the 
mid-infra red region of the spectrum, 
ie 2-5 microns, for detectors and 
emitters. The special application here 
is environmental pollution mon- 
itoring, eg CO, which absorbs 
strongly in this part of the 
spectrum. Another, somewhat 
more humorous application 
has been suggested: the moni- 
toring of methane emissions 
from the rear-end of cattle. 
This would enable a tax to be 
levied on farmers as an induce- 
ment to lower methane (a 
greenhouse gas) emissions! 
There are of course, numer- 
ous military applications espe- 
cially for detectors in the mid- 
IR for missile launch detection 
etc. But the principle target for 
this LINK project was to create 
materials technologies applic- 
able to the fabrication of pollu- 
tion monitoring systems. 
"In the device work we invited 
the University of Lancaster 
under sub-contract o us to 
construct demo emitters, main- 
ly LEDs. 
There was also an informal 
arrangement with UCL Dept of 
Electrical Engineering to fabri- 
cate resonant cavity detectors utilising 
Bragg reflectors grown at Sheffield 
University. 
Bulk growth 
During my visit to MCP Wafer Tech 
is was able to observe the LEC 
growth of a 2-in diameter InSb 
crystal. Being familiar with the high- 
er pressure, higher temperature bulk 
growth of GaAs - which is viewed 
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by CCTV - it was intriguing to be 
able to directly observe the rotating 
crystal and melt through the trans- 
parent chamber walls. 
MCPWT had a dual path in this 
project: to scale up both InSb and 
GaSb bulk materials and develop 
appropriate commercial wafering pro- 
cesses through to packaging. 
"Previously, antimonide substrates 
were often of irregular shape, avail- 
able in various diameters or regular in 
only small disks. This was largely due 
to the immaturity of the bulk growth 
technology for these materials com- 
pared to the better established GaAs 
materials. As a consequence, the 
similar immaturity in the follow-on 
cutting, polishing and packaging 
processes added up to a less ad- 
vanced product. Of course, with 
materials of this quality there could 
only be slower-than-desirable pro- 
gress in the processes required for 
device development. 
Antimonide materials are very fra- 
gile, especially InSb, so much so that 
they are often shipped enveloped in 
paraffin wax. Obviously, this causes 
major problems to the customer 
whose has to go to considerable 
trouble to ensure surface quality. By 
no means could these materials be 
described as "epi ready"! 
"Our objective was to produce 
commercial supply of regular, >/= 
2-in diameter substrates which fea- 
tured edge precision bevelling, laser 
marking, ultra-clean flat surfaces and 
all the other characteristics of the 
more mature III-V materials uch as 
GaAs. 
"We spent the time working on in- 
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The reflectance spectra of a device grown as part of the L INK scheme. The red trace is the reflectivity 
from a A 1As/GaAs multiple stack [grown by MBE at Sheffield], the blue trace is the reflectivity of the 
same structure after the growth [by MOVPE at Oxford] of  a lmm GaSb layer 
on top of  the stack. The GaSb forms a resonant cavity at 1.681am. The AIAs/GaAs stack acts as 
a Bragg reflector and has a 95% reflectivity at 1.68~tm. By growing a thin layer of GaSb on top of  
the mirror stack we have increased the absorption of  the incident light at 1.68pm from 20% to 90%. 
This is the wavelength of  the C-H stretching vibration in the infrared and hence will.,form the 
detector of an optically-base methane sensor". 
house growth equipment and process 
technology for both 2-in and 3-in 
sized substrates. This required the 
design and construction of new pull- 
ers for 3-in whereas the 2-in system 
was basically a refurbished system we 
already had. This entailed addition of 
modern electronic ontrols and scal- 
ing up. This was the one that I saw in 
action later. 
I wondered what exactly were the 
problems peculiar to the antimonides. 
They exhibit difficulties that make 
GaAs and even InP somewhat 
straightforward. 
1CP-ES/MS DATA FOR Me3Sb produced uring the project (all values in ppm w.r.t. Sb) 
Element Level detected 
Sought 
Crude Atmospheric Ligand MeLi 
distillation Displacement Batch 
Si 0.4 0.08 0.2 ND ND 
Pb 29 27 25 0.1 ND 
Sn 18 ND 5 1.8 ND 
Ge 8 ND ND ND ND 
Zn 10 ND ND ND ND 
Se ND ND ND ND ND 
Te ND ND ND ND ND 
Ga ND ND 65 ND ND 
Optimised 
"The growth temperatures are 
rather lower - this is the main 
problem at both the bulk and epi 
growth stages. You have to pre- 
synthesize the materials and t,hen 
purify this before starting the LEC 
growth. High purity indium and 
gallium are commercially available 
but we have to purify the antimony 
using in-house processes. For InSb we 
synthesise the material in-house and 
then zone refine prior to breaking it 
up for preparation of the LEC charge. 
We had to characterize and improve 
these processes whilst paying atten- 
tion to the need for low doped 
material. So we needed good control 
of background oping, < l014 cm -3. 
Since the synthesis is carried out in 
quartz there is a possibiliy of inciden- 
tal silicon doping. 
"Once you have the poly material 
you charge the LEC puller with this 
and the appropriate dopant. For 
n-type this is usually tellurium. For 
p-type we had been using cadmium 
but it proved not easy to obtain 
reproducible doping and it has been 
seen to type convert during later epi 
growth. So we switched to germanium 
which is commonly available at high 
purity and shows none of the pro- 
blems associated with Cd and, of 
course, is not toxic. 
The next stage was development of 
suitable slicing of the most useful 
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orientations of the antimonides i.e. 
111 and 100 for InSb and GaSb, 
respectively. 
We also had to keep the etch pit 
densities as low as possible: < 10 4 
cm "z for GaSb and < 100 cm -2 for 
InSb. The proof of the success in 
substrate preparation was shown in 
the excellent results which were 
obtained from the MOVPE growth 
at Oxford. 
"This group had been involved with 
homo- and hetero-epitaxy of antimo- 
nides (e.g. GaSb on GaAs) for some 
time (see later). The availability of 
"epi ready" antimonide substrates 
brought he prospect of the preferred 
homo-epitaxy process much closer. 
Epichem 
The LINK partner esponsible for the 
development of antimonide and do- 
pant precursors for low temperature 
MOVPE was Epichem. The company 
has long been known as a world 
leading supplier of a wide range of 
epitaxial growth sources and has 
considerable experience in the devel- 
opment of novel materials. 
"Our role in the project was to 
develop routes to produce ultra pure 
trimethylantimony, and new anti- 
mony compounds and dopants (zinc 
and selenium) for low temperature 
InSb and GaSb MOVPE growth. The 
choice of new precursors was limited 
as always by the balance of the 
volatility and decomposition tempera- 
ture. Once we had produced new 
antimony compounds we then had 
to look at alternative gallium sources 
that were thermally well matched." 
Epichem first considered trimethy- 
lantimony (TMSb) as this had a 
history of application in MOVPE 
but this would need the application 
of further stages of purification if it 
were to meet he needs of the project. 
Epichem therefore instituted a pro- 
gramme of new synthesis routes, 
revision of existing processes and the 
development of additional purifica- 
tion stages to provide yield and batch 
size appropriate to commercial sup- 
ply. A key aspect of this programme 
was materials characterization and 
the project included funds for the 
installation of a new ICPMS instru- 
ment at Epichem's Bromborough labs 
to detect ppb levels of contaminants. 
In addition, Epichem investigated 
three new compounds: tertiarybuty- 
lantimonydimethyl, isopropylantimo- 
The Link partners gather at MCP. 
nydimethyl and tris(dimethylamino) 
antimony as potential alternative 
precursors. Of the three, tris (di- 
methylamino) antimony proved to 
be the most promising. 
To prove the merits of both the 
new substrates and the precursors 
MOVPE growth was undertaken at 
the Oxford University Cavendish lab, 
see Figure 1. The group had already 
established the growth parameters 
needed for the MOVPE growth of 
GaSb, InGaSb and to some extent, 
InSb, under a SERC LDS funded 
project which has been running for 
some years. Low optimum growth 
temperatures were the motivation for 
alternative antimony and matched 
Group III precursors. Material pur- 
ity was assessed from electrical mea- 
surements on grown layers. Many of 
the mechanisms of the growth systems 
including the behaviour of the alkyls 
were monitored by the use of a UV 
spectroscopy s stem for in-situ diag- 
nostics - in particular to monitor alkyl 
pick-up in the bubblers. This and a 
light scattering system for the deter- 
mination of layer nucleation were 
designed and constructed in-house. 
GaSb/InAs superlattices, GaSb p/n 
junctions and InGaSb quantum wells 
giving electroluminescence around 2 
microns were grown. 
Oxford supplied structures to the 
University of Lancaster to enable 
further device assessment. InAsSb 
structures were also grown using 
LPE on MCPWT InAs substrates. 
In addition, University College 
London (UCL) had been supplied 
with Oxford-grown structures to 
fabricate detector devices. The work 
with Lancaster and UCL has been 
able to continue through two new 
SERC grants for further work on IR 
devices. 
In conclusion, the LINK antimo- 
nides project has clearly succeeded in
its intention to achieve a broadly 
based enhancement of the materials 
technology for the growth of anti- 
monide-based device structures, from 
substrates through to diode fabrica- 
tion. The project is an impressive 
demonstration of the value of na- 
tional collaboration. This cost-effec- 
tive project has taken an immature 
family of useful III-V compounds to a 
higher level of technical sophistication 
incorporated in new materials pro- 
ducts and technology. In that it has 
conferred a world leading status on 
the participating companies and 
institutions. 
For further information on 
the project contact." 
Ian Grant, MCP Wafer Technology Ltd., 
Maryland Rd, Tongwell, Milton Keynes 
Tel/fax: [44] (0)1908 2104444/210443. 
Lesley Smith, Epichem Ltd., 
Power Road, Bromborough, The Wirral. 
Tel/fax: [44] (0)151 334 2774/6422. 
Nigel Mason, Department ofPhysics, 
Oxford University, Oxford. 
Tel/fax: [44] (0)1865 272203/272400. 
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